and friends, spent his Christmas holidays with Robin Strutt and in a letter to his mother from Terling Place spoke in enthusiastic terms of his reception: 'Lord Rayleigh showed me his laboratories which used once upon a time to be a loft and cellars. He also showed me the apparatus and balance with which Argon was discovered.' . . . 'Lord Rayleigh allowed me to take a book out of his large selection of scientific works and I am reading a most interest ing one by J. J. Thomson on Radioactivity chiefly. ' The impression made by this visit and by the kindly interest of his host confirmed his ardent desire for a scientific career. On leaving Eton he followed the course suggested by Rayleigh and in 1904 entered University College to read chemistry under Sir William Ramsay. Ramsay was then at the peak of his scientific activity. His work on the inert gases had been completed some years earlier and he was at this time, in collaboration with Frederick Soddy and Whytlaw Gray, embarking on a long series of re searches into the properties and effects of the 'emanation' from radium.
Ramsay held views on the training of scientists which although not then generally accepted in academic circles were eminently successful in attract ing young men of ability and imagination to work with him. In an oration delivered at University College on 6 June 1901 he had stated in uncom promising terms his ideas of the function of a university: ' . . . the duty of the professors, assistant professors, teachers and advanced students', he said, 'is to increase knowledge. T hat is the chief function of a university-to increase knowledge . . . no man can be a thoroughly good teacher who is not at the same time a learner; and in physical science that means an in vestigator.' In his laboratories students at all stages of training were kept in touch with the current researches and had an opportunity of appreciating the meticulous attention to detail and the refined techniques which charac terized Ramsay's own experiments.
In this inspiring atmosphere Egerton served his apprenticeship and graduated with first-class honours in chemistry in 1908; he was elected President of the University College Chemical and Physical Society the following year. During his undergraduate days he formed a close friendship with Ramsay's son Willie and in an appreciation of his master written some years later he gives a charming glimpse of the family circle: 'I often used to be round at the house for supper or for a dinner party or for a dance. No one was more hospitable or had a more delightful strong and distinct character than Lady Ramsay whom I soon grew to love. I had three most pleasant separate weeks with the family in the summer holidays in Scotland . . . Sir William loved his boating and his bathing and sea fishing . . . I had many opportunities at these times to discuss with him ideas about atoms, the significance of atomic weights, about radium, etc. and used to sit and talk with him in the bow of the boat. ' Although his studies always had a first call on his time Egerton never became a recluse. His vacations periodically took him into a different world -a world mainly of country interests and sporting activities. He was a Alfred Charles Glyn Egerton 41 42 constant and welcome visitor at Glenferness and Kirtlington Park, the family homes of the Leslie-Melvilles; and there he fished, hunted and danced Highland reels. Whilst staying at Kirtlington Park or at his mother's house at Chilton near Thame he was also a visitor to Parmoor where the gifted family of the first Lord Parmoor provided an intellectual oasis and a closer contact with the great world of politics and government. Stafford Cripps was at this time a fellow student at University College and the friendship begun in the laboratory was later cemented by close family ties and by a strong community of interests.
Having completed his formal academic studies Egerton passed the summer of 1909 at Nancy University working under Professor Ganz and later hoped to spend a further period in Germany. He was, however, offered the appointment of Instructor at the Royal Military Academy, Woolwich, a post which he accepted with some reservations. In thanking the Com mandant, Major Hildebrand, for the offer he did not hesitate to impose a condition. 'I want to make clear', he wrote, 'that unless I have facilities for research work it would be useless my accepting. My career depends chiefly on the quality of the research I can turn out, and not only that but my chief interest lies amongst problems of chemistry: and cut off from the necessary appliances to continue my research I should not long be happy. ' He stayed at Woolwich until 1913 instructing cadets in the elements of chemistry and devoting his spare time to research work on the oxides of nitrogen. It was a happy period of his life; he became engaged to the Hon. Ruth Cripps, only daughter of Lord Parmoor and sister of his friend Stafford, and their marriage took place in 1912; he was enjoying his work at Wool wich and he was making plans for an extended visit to Berlin. His first published paper entitled 'The divergence of the atomic weights of the lighter elements from whole numbers' was written whilst he was at University College and appeared in the Transactions of the Chemical Society for 1909. Three other papers on 'The vapour pressure of nitrogen peroxide' and 'The heat test of explosives' were published between 1913 and 1914 and described work carried out at Woolwich.
During this time Egerton kept in close touch with his old teacher Ramsay and when the latter retired in 1912, frequently assisted him in experimental work at his home in Chester Terrace. Ramsay was interested in the possi bility of the transmutation of the elements and some observations by his colleagues Collie and Patterson on the appearance of helium and neon in hydrogen through which an electric discharge had passed, appeared to him to be of considerable significance.
In 1913 Egerton proceeded to Berlin where he had been offered a place in Nernst's laboratory. Here, at the suggestion of Ramsay, he carried out a very careful repetition of Collie and Patterson's work but failed to confirm their results. His experiments were subsequently described in the Proceedings of the Royal Society (1915) . He also commenced work on the vapour pressure of metals but owing to the outbreak of the 1914 war was unable to finish it Biographical Memoirs during his stay in Berlin. Amongst the students working with Nernst at this time was F. A. Lindemann (later Lord Cherwell), and the two Englishmen formed a friendship which was continued later at Oxford and lasted until Lindemann's death in 1957. Nernst was quick to appreciate the quality and integrity of his new assistant and testified his regard by many acts of kindness and in particular by the pains he took at the outbreak of war to ensure that Egerton and his wife should not be detained in Germany; the young couple arrived back in England on the day before war was declared.
Although he wished to join the armed forces and commenced training with the Coldstream Guards, Egerton was almost at once directed to the Department of Explosives Supply of the Ministry of Munitions where he worked on a variety of urgent problems connected with explosive m anu facture. Later, under the leadership of K. B. Quinan, he took part in the design and erection of the great National Explosives Factories which became necessary to meet the munitions crisis of the mid-war years. Quinan was a forceful personality, an outstanding chemical engineer and a man of great drive. The team of scientists and engineers he gathered around him were inspired by his fervour and enthusiasm, and their achievements under every kind of difficulty and discouragement contributed in no small measure to our final victory. In later years, when Egerton was head of a large depart ment of chemical engineering, he showed by his grasp and understanding of the problems of large-scale production the profound influence of this war time experience.
Another war activity was in connexion with the application of science to naval warfare. Prior to 1914 the Admiralty had possessed no adequate research organization and depended almost entirely upon the experimental work carried out by its contractors. At the outbreak of war it soon became apparent that there was an urgent need for some machinery for dealing with the large volume of ideas and inventions from outside sources which were flooding some of its departments. Criticisms were raised in Parliament and as a result M r Balfour in 1915 set up a Board of Inventions and Research (B.I.R.) consisting primarily of a panel of scientific advisers and an execu tive committee under the presidency of Lord Fisher.
This improvised measure was not entirely satisfactory and in 1917 Sir Eric Geddes, First Lord of the Admiralty, appointed a small committee consisting of Sir R. Sothern Holland, Sir H. Ross Skinner and Egerton to examine its activities and to make recommendations. This was the first of many such enquiries in which Egerton was to be involved during the next forty years and he brought to it a mature judgement and a characteristic thoroughness. The following note appears in his diary: 'One of the most interesting men, among the many we met in connexion with our work at B.I.R. was Lord Fisher. He was president of the Board, but his interest lay still in Naval Strategy rather than applied science. He was always to be found near a chart. He said his walk was up and down one side of Berkeley Square (where he lived), it was like aboard ship-he could end his walk when he liked and needn't go a long way back home. He was at his best entertaining us at a lunch to meet Sir J. J. Thomson, Sir G. Beelby and Sir C. Parsons. His stories were innumerable and his wit sparkled like the "bubbly sunshine" he provided us.' In its final report the Committee recommended the abolition of the Board of Inventions and Research and the setting up of a Central Establishment of Research.
Towards the close of 1917 Egerton was busy studying the problems of synthetic ammonia production and preparing a series of papers outlining a definite scheme of post-war development. He was, in common with many of his colleagues, beginning to feel the physical and mental strain of the war years. He was shocked by the great wastage of life and material resources; the loss of his two elder brothers in France filled him with sorrow; and in his diary there is evidence of a feeling of despondency. 'In many ways', he wrote, 'one would be happier if one's lot were cast amongst those who are in the melting pot of France, who have no thought for the morrow, but a single common purpose and cannot see or realize the root cause for that purpose. ' Fortunately, he was living at this time at his father-in-law's house in Wilton Crescent and was brought into close touch with a group of distin guished men and women who under the leadership of Lord Parmoor, were advocating the formation of a League of Nations. It was a crusade founded upon Christian principles and with a wide appeal to thinking people; it offered in its promise of ensuring international peace and good-will some compensation for the tragic losses of the war. President Wilson regarded it favourably and, with growing support from influential quarters, it did much to arouse a more optimistic spirit amongst all classes.
In January 1919 at the suggestion of Dr F. A. Freeth, Lord Moulton, Director General of Explosive Supplies, organized the visit of an inter-allied Mission to the German chemical factories in the occupied zone to investigate their production of munitions of war. Egerton was a member of the Mission which included British, American, French, Belgian and Italian representa tives and was led by Harold Hartley, the Controller of the Chemical W ar fare Department of the Ministry of Munitions. The task of the Mission was by no means easy as can be seen from the references to it in the autobio graphy of Carl Duisberg, the head of the Bayer works at Leverkusen, the first to be visited. The success of the Mission owed much to Egerton's plan ning of the visits to the different factories and to his tact in dealing with difficult situations, helped by his fluent knowledge of European languages. His own special assignment was to examine the German nitrogen industry which by exploiting Haber's process for the synthesis of ammonia, had made such a significant contribution to their war effort. The findings of the Mission were published as a White Paper which brought home to Parliament the need to strengthen the British chemical industry. The Report itself provided the technical and economic data on which the Government could frame a policy.
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The coming of peace and the re-deployment of the scientists who for five years had been engaged almost entirely on war work posed many difficult personal problems. Egerton was anxious to resume his researches without delay and on the advice of his friends Henry Tizard and F. A. Lindemann, accepted an invitation to work in the Clarendon Laboratory at Oxford. Here he stayed for some seventeen years, succeeding Tizard as Reader in Thermodynamics in 1923, and laying the foundations of the long series of investigations into the phenomena of combustion which continued without a break until his death in 1959.
The old Clarendon Laboratory, built in 1872, reflected in many ways the spirit of an age in which science was held in slight esteem. Its design was by modern standards inconvenient and many of its services rudimentary. As a newcomer Egerton was relegated to the cellars where the handicaps of bad light and ventilation and the presence in summer of clouds of mosquitoes were only partially compensated for by a certain uniformity of temperature and freedom from interruption. In these somewhat austere surroundings he was perfectly happy. His training under Ramsay had made him self-reliant and resourceful; he had a natural genius for improvisation, and much of his best work was carried out with the simplest of apparatus combined, however, with exceptional manipulative skill. In 1919 he resumed the investigation he had started in Nernst's laboratory on the vapour pressure of metals and some idea of his intense application is given by the fact that in 1923 he wrote no less than seven papers on the subject. By 1935 when he terminated this research, he had published extensive data on the vapour pressures, chemical constants, latent heat of vaporization and the temperature coefficients of the specific heats of cadmium, cadmium-zinc alloys, sodium, potassium, lead, magnesium, thallium and zinc.
In 1924 he first began to take an interest in combustion and was soon absorbed by the many complex problems it presented; some years later he was also asked by the British Electrical Research Association to supervise a programme of work on the saturation pressure and enthalpy of steam, a continuation of the pioneering experiments of H. L. Callendar. The results of this investigation are incorporated in the present International steam tables.
His work was attracting attention and with an increasing number of students wishing to study under him, the question of accommodation and a more generous financial provision became urgent. He had at the close of the war accepted the appointment of consultant to the Central Mining Corpora tion and he now found it necessary to devote a considerable proportion of his fees to the purchase of apparatus and instruments for his researches. In a memorandum written in 1934 he drew attention to the difficulties under which he was working and outlined a proposal for establishing a separate laboratory or Institute of Thermodynamics at Oxford. 'I think as time goes on', he wrote, 'the teaching of physics will be more and more related to the basic principles of the subject rather than to the older divisions of the subject, heat, light, sound, mechanics and electricity. The principles I refer to are
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Dynamics and Hydrodynamics, Thermodynamics, Electro-magnetic Theory and Statistics. So that from this point of view, the establishment of a Thermo dynamical Laboratory need not be feared by the University. There is bound to be overlapping with the Physics, Engineering and Chemical Departments, for Thermodynamics, being a basic science, enters into all branches of natural philosophy.' 'It is suggested that further advantage might be gained if there was more opportunity for students to learn methods of temperature measurement, of pyrometry, calorimetric measurement, and of other thermo dynamical experimental methods, which would be possible if a laboratory were available. ' The arduous scientific work at Oxford was never allowed to submerge Egerton's wider interests or to curb the natural kindliness of his character. His home life was a singularly happy one; at the close of the war he and his wife had adopted Francis, the posthumous younger son of his brother Louis who had been killed in France in 1917, and this addition to their household was a constant source of delight and interest to them. The hospitality of their home in Linton Road was enjoyed by a wide circle of friends distinguished in every walk of life. Here Egerton's students could listen to Einstein playing the violin or watch their host and Lindemann engaged in a close game of squash. Talk ranged over the whole field of human affairs and they were encouraged to take an active part in the discussions of their eminent seniors. Nor will they forget the charm of their hostess and the sympathetic interest she took in their personal affairs.
Egerton was particularly happy in his relations with his students. Always accessible, patient and kindly, he spared no pains in helping to overcome their difficulties; his attitude was that of a collaborator rather than a teacher and he was completely free from any suggestion of pomposity or superiority. His laboratory was a 'happy ship' in which friendliness, enthusiasm and optimism combined to produce a bracing atmosphere eminently favourable for original work. Even the most unimaginative of students could be stimu lated to creative flights whilst those of exceptional ability found ample opportunities for further development.
Egerton was never a ready speaker or debater but his command of his subject, his patent sincerity and his singleness of purpose always ensured an attentive and sympathetic audience. He was perhaps at his best as a chair man, and in this capacity he served on many important committees; his industry was astonishing; he read and mastered every committee paper, took great pains with the preparation of agendas and directed proceedings with unfailing courtesy but commendable firmness. As chairman he generally undertook the drafting of reports and on paper his style was clear, concise and business-like.
In 1925, at the age of 39 years, he was elected to the Fellowship of the Society.
His last few years at Oxford were crowded and eventful; his researches on combustion were breaking new ground and were provoking lively and fruitful In the midst of these multifarious activities his brief periods of leisure were mainly spent abroad in Austria, Switzerland, Italy and France. He had early developed an interest in painting, one that grew stronger with the years and became a continuing source of pleasure and refreshment to him. From every visit abroad or holiday at home he now returned with sketches and finished paintings in water colours which bore witness to his artistic talent and his lively sense of colour and form. After his retirement in 1953 he took to painting in oils and his landscapes depicting scenes in Provence and the Alpes-Maritimes reflect much of the beauty of these favoured regions. As a French critic described them: 'Elies frissonnent de gaie lumiere; elles se parent de couleurs tendres, de couleurs vives. Elies respirent le plein air ou elles sont nees.' An exhibition of his pictures at the Chenil Galleries in 1957 surprised even his friends by their versatility and charm. One example from the exhibition now hangs in the apartments of the Academy of Science in Moscow, and another in the Egerton Library at the Imperial College of Science. One f his paintings is reproduced here as a coloured plate.
In 1936 Eg ton was invited to occupy the Chair of Chemical Technology at the Imperial College of Science, in succession to William A. Bone, F.R.S., who was then due to retire. The decision to leave Oxford was not an easy one and after the fashion of the first Lord Burleigh, he drew up a schedule of the advantages and disadvantages of such a move. London scored marks on the grounds of convenience and cultural activities, Oxford on those of peace and the beauty of its gardens and buildings. Against the items 'health' and 'expense' are placed question marks. The opportunity of widening his interests and carrying into effect his ideas on postgraduate training in a department under his sole control tipped the scales and he decided to accept.
The Department of Chemical Technology and Applied Physical Chem istry had been founded in 1912 and under the direction of Professor Bone, had earned a high reputation as a centre for the training of chemical tech nologists and chemical engineers. Professor J. W. Hinchley had, until his death in 1931, been in charge of the chemical engineering, and Professor G. I. Finch, F.R.S., of the applied physical chemistry sections. Active re search was going on in the fields of combustion, coal science, blast furnace technology and electron diffraction. The workshop facilities were exceptionally good and there were plans for a considerable extension of the laboratories.
Egerton set about reorganizing the Department with vigour. He gave a much greater degree of responsibility to senior members of his staff, estab lished a departmental library and stores and was very successful in raising funds for research.
His experience in the first world war and his subsequent contacts with industry had brought home to him the importance of chemical engineering and the need for a more thorough training of chemical engineers than that provided by a one-year postgraduate course. He, therefore, supported strongly a proposal for inaugurating undergraduate courses in the subject and was successful in establishing one in his department in 1938. Before the outbreak of the second world war he had resumed his researches on combus tion and had begun work on the thermodynamic properties of multi-com ponent hydrocarbon systems. He had also set up a laboratory for work at low temperatures.
In 1938 he was appointed Physical Secretary of the Royal Society and from that date until 1948, when his period of office expired, he was much occupied with its affairs.
The summer of 1938 was overshadowed by the threat of war. Egerton and the writer were attending a conference at Nancy when the French army mobilized; there was a feeling of calamity in the air and driving back through the champagne country it was evident that the rural population had little heart for the coming struggle. Although hostilities were postponed for a time preparations were made both in England and France for a war in which the civil population would undoubtedly be involved. Plans for the evacuation of the College were drawn up but Egerton was very insistent that his staff and research students should not be dispersed. His earlier experience had shown the value of trained teams of workers capable of dealing expeditiously with urgent practical problems. His representations were successful and his Department during the years 1939-45 acted effectively as a focal point for much important government work.
In view of recent developments in the gas industry special mention may be made of his pioneer experiments carried out during the early years of the war on the use of liquefied methane as an alternative fuel to petrol. There are large quantities of relatively pure methane gas issuing from bore holes in various parts of the country and a less pure gas is produced from the cracking processes in oil refineries and from the anaerobic fermentation of sewage sludge. Methane liquefies at -161-5 °C, the liquid having a density about two-thirds that of petrol. As a fuel it has many desirable qualities; it has a large calorific value, burns smoothly in air and when used in an internal combustion engine explodes without 'knock' even at high compression ratios. The technical problems connected with its use are concerned with the design of a suitable liquefaction plant, fuel tanks sufficiently well insulated to avoid excessive losses by evaporation and mechanically strong enough to withstand the rough treatment to which road vehicles are subjected. A special design of carburettor is necessary for the engine and there are minor problems associated with re-fuelling and with large-scale storage. All these problems were satisfactorily solved and extensive practical trials were carried out successfully on a municipal motor bus in service in the Midlands. The work is described in a paper in the Journal of the Institute of , 1945.
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Another section of the Department undertook researches connected with the improvement of fire-raising equipment and the complementary problem of fire protection. A member of its staff was also responsible for the develop ment of equipment employed in subversive warfare in enemy-occupied territory.
In addition to these activities Egerton was a member of the W ar Cabinet Scientific Advisory Committee, Chairman of the Fuel and Propulsion Committee of the Admiralty, and an ex-officio member of innumerable committees connected with the work of the Society.
In the summer of 1942 he was sent to the United States to re-organize the work of the British Central Scientific Office and to endeavour to improve the scientific liaison between London and Washington. This was a task for which he was by temperament well fitted. During his three months' stay he visited many of the American and Canadian service establishments and had numerous discussions with leading American scientists including J. B. Conant, Carroll Wilson and Vannevar Bush. He found the atmosphere friendly and co-operative and he had no difficulty in arranging for a much freer exchange of information than had hitherto taken place.
He appears to have interpreted his terms of reference in a liberal sense, for amongst his many engagements he visited a women's penitentiary in W. Virginia and gave an address to 200 black and 400 white prisoners.
On his return he was much occupied with the work of the Heating and Ventilating Committee of which he was Chairman and with the various activities of the Royal Society.
The Report of the Heating and Ventilating , published in 1945, is one of the significant contributions to a subject of the greatest national im portance; it is based upon a detailed scientific study of all the factors con cerned with air conditioning and lays down standards which have proved of immense value in the design and construction of public and domestic buildings and in the promotion of fuel economy.
Egerton received the honour of knighthood in 1943.
The immediate post-war years were marked by profound political, economic and social changes in all parts of the world. Industries which had been mobilized for war work had to change rapidly to peace-time production; there were universal shortages of raw material, food, fuel and manufactured goods; the setting up in this country of the 'welfare state' with the nationaliza tion of the main sources of energy and transport was making heavy demands on the nation's technical and scientific manpower; and there was an in flationary tendency which for many years was to lead to a succession of monetary crises. It was a time when cool judgement, administrative ability and bold initiative were badly needed.
Although Egerton had a deep interest in the problems of government and a wide experience of the internal working of the Civil Service he had no political ambitions. His services as a scientist were always at the disposal of the Government and, when asked, his advice was given impartially to either political party. From the scientific and technological point of view he was particularly interested in the long-term planning of the nationalized coal, gas and electricity industries and as Chairman of the Scientific Advisory Council of the Ministry of Fuel and Power from 1948-53 he was able to make his influence felt at policy-making levels. He gave much thought to the under lying principles of man's use of energy and his reflections upon this important subject were admirably summarized in a lecture entitled 'Civilisation and the use of energy' which he delivered at the Birmingham Meeting of the British Association in 1951. In his discourse he endeavoured to illustrate human activities in relation to their energy content by means of the diagram reproduced here. The following quotation will serve to explain its bases: 'In the centre of the diagram there is a circle representing the sun, the main source of the energy which man uses. From this centre a line is drawn upwards to a position representing the conversion of the sun's energy into all the cultivated products, including the products of natural plant growth and the animals, too, which obtain their food from the plants. In fact, not only man's food (grain, fruit, etc.) and the fodder for his animals, but the products timber and wood; cotton, flax, hemp and rubber; cattle and sheep (and pigs and poultry and fish); wools and hides, silk, oils, fats and waxes-the whole gamut of activities which emerge from forestry and husbandry and the cultivation of the soil. 'Then there is a line drawn downwards to a position representing the quest for the products stored from the sun's energy in past ages-the coal mines, the oil wells and included in this (though not the result of the solar radiation) are the quarries, the metalliferous mines and the gravel and clay pits and so on.
'To the left of the upper part of the diagram there are two lines, the top representing the products of cultivation, husbandry and forestry which form the basis of subsidiary industries. Along the lower line are specified some of these industries.
'Similarly for the lower part of the diagram, there are also two lines: the top line representing various products from the coal and oil, and the second representing some of the general activities depending on the acquisition of the products of mineral resources. The region on the ex treme left is supposed to represent trade and commerce connected with the products relating to all these activities.
'To the right of the diagram there is a corresponding region repre senting human labour and the work of man's animal helps, the muscular power which is maintained by the food and the fodder without which none of the activity occurs. Lines are drawn to show where this power operates, in the fields, or the mines. M an's main needs are food, shelter, warmth and clothing. Lines are drawn indicating from where these needs are met. There is also need for water which he gets for very little, and for air which he gets for nothing.
'At the bottom right of the diagram, is reserved a place for fuel (got from the mines and oil wells). There is a thick line here so as to indicate that the energy of the fuel not only provides warmth but supplements the muscular energy of man and his animals. There is a line from the centre to the right to indicate that some energy is got from the unstored solar radiation, appearing as hydroelectric power or wind power . . . '. . . figures were placed on the diagram to give an idea of the scale of these activities. The value in terms of gold of all upper half activities was estimated to be about four times the total of the lower, and of these activities 88 per cent, was in the production of fuel and fodder, and the rest in the growing of cotton, hemp and all the rest. The production of food was in fact shown as man's main activity. These figures are taken from Sir Harold Hartley's M ather lecture.
'O f the other fifth representing all the activities in the lower half of the diagram 57 per cent, was the proportionate value of all those activities relating to the winning and treatment of the fuels, leaving 43 per cent, for the values of all the other activities along that line.
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'Finally there are arrows to represent that people are employed not only in activities involving muscular effort, but also through offices, banks and government departments, etc., in administration and the direction of affairs. A considerable fraction too of labour employed in modern industry and modern agriculture is of course not occupied in exerting muscular power, but rather in exercising skill in controlling machinery which is exerting power, and in directing energy so that it may be used effectively.'
Another subject which engaged his attention at this time was that of dis seminating scientific information and he devoted much thought and time to the organization of the Royal Society Scientific Information Conference which was held in London in 1948. One of the recommendations of the Conference was that the Society should set up a standing committee to implement its findings and this was given immediate effect, Egerton being appointed its Chairman. He later gave a full account of its work in the Aldred Lecture delivered before the Royal Society of Arts in 1952.
This was his last major work as Secretary of the Society. His period of office had been a strenuous one marked by events of the highest importance in the history of science and of the Society. In an address given at the Mem orial Service to Egerton in 1959, Professor A. V. Hill, F.R.S., who was Biological Secretary from 1935-45, paid a moving tribute to his colleague: 'During the years that Jack and I served together at the Royal Society, 1938-45, and in the unusual tasks we had to undertake in those critical times, I profited greatly by his resolute co-operation, and his invincible obstinacy when he knew he was right. When he retired in 1948 from the Secretaryship he wrote me, in reply to a letter of mine, " I feel very contented that the Society is in such good fettle and one of the mainstays of freedom. That could sound a grandiose claim, but not from him; for the things he worked for are part of freedom, and his delicate understanding and obstinate reso lution helped to achieve them. ' His release from the onerous duties attached to the Secretaryship brought no diminution in his many activities. The School of Combustion Research which he had created at Oxford and transplanted to London was in full vigour. Between 1948 and the time of his retirement in 1952 he published upwards of seventeen scientific papers of which no less than ten appeared in the Proceedings of the Royal Society. He was also much concerned with the problem of the training of scientists and technologists. As a member of the Barlow Committee on Scientific Manpower he had been impressed by the growing demand of industry for scientists and technologists of the highest calibre and by the lack of facilities at the schools and universities for meeting it. He exerted all his influence to improve the teaching of science in the schools and to obtain a more adequate provision for postgraduate work at the universities. He also interested himself in the promotion of liberal studies at the Imperial College of Science and was for several years Chairman of its General Studies Committee. He was for many years a member of the Governing Bodies of Charterhouse and of Winchester College and from 1949-59 was Director of the Salters' Institute of Industrial Chemistry.
But the subject closest to his heart was the future of the under-developed countries. He had been much impressed by the inaugural speech of President Truman in 1949 which contained a powerful appeal on their behalf. 'More than half the people of the world', said the President, 'are living in conditions approaching misery. Their food is inadequate. They are victims of disease. Their life is primitive and stagnant . . . For the first time in history, we possess the knowledge and the skill to relieve the suffering of these people.' Egerton's humanity and reason alike were enlisted in a cause to which he felt this country had a valuable contribution to make, and at an age when most people are contemplating retirement and repose, he undertook many strenuous and exhausting journeys to acquaint himself at first hand with conditions abroad and devoted much intensive study to ways and means of providing effective help.
He had a special love and understanding of the peoples of India and a personal friendship with many of the great political and scientific leaders who, in the midst of difficulties arising from partition, were endeavouring to raise standards of living and re-shape the economy of their country. His department at the Imperial College of Science had long been the training ground for a succession of brilliant young Indian scientists and technologists, a number of whom were now called upon to assume the responsibility for a massive programme of expansion in the fields of education and commerce; and he received many pressing invitations from them to visit India and to advise upon some of its more urgent problems.
His first visit took place in 1948 when he was appointed chairman of a committee to review the working and development of the Indian Institute of Science, Bangalore; his fellow members on the committee were Sir Ben Lockspeiser and Dr J. N. Mukherjee. Their report was an eminently states manlike and practical document outlining a policy of development attuned to the prevailing conditions. It pointed out that an overwhelming proportion of the population was actively engaged in agriculture or was working in industries dependent on cultivated produce; at least 75 per cent, were organized in village communities. Apart from the probability or desirability of a fundamental change in this economy, the principal factor in raising the standard of living in the near future would be an increase in the productivity per person within the village communities and a balanced development of industry and agriculture. This would be achieved by assessment and wise utilization of natural resources, extension in irrigation, improvements of the soil and methods of cultivation, the provision of power, and the improvement of health standards and facilities of education. Too rapid a growth of popu lation could wreck all attempts to improve standards.
The report then proceeded to outline proposals for building up scientific and technical manpower by a progressive expansion of educational facilities and by the setting up of uniform and appropriate standards of education.
The recommendations were very much in line with the views held by the more enlightened members of the Council of Ministers. They had always given full support to the Council of Scientific Research of which the Prime Minister was Chairman and Sir Shanti Swarup Bhatnagar, F.R.S., the Director. Egerton had long known and admired Bhatnagar and he now had an opportunity of discussing with him the plans for creating a number of national laboratories in which scientific research and development in support of Indian industry, agriculture and medicine could be conducted under Government auspices. He was invited to Delhi to stay with Pundit Nehru who was quick to recognize a kindred spirit, uniting his own high ideals with an absolute integrity. They became friends and on subsequent occasions when the Prime Minister visited this country he always set aside a few hours in which to renew their friendship.
In the intervals of work Egerton took every opportunity of acquainting himself with the social and economic conditions of the country. Whilst in Madras he and Lady Egerton were guests of the Governor General, Sir Archibald Nye, and later, at the invitation of the Government, they spent a week in Kashmir. At Srinagar on the banks of that lovely lake which brings back nostalgic memories to every Anglo-Indian, he was able to test his skill, with considerable success, against a peculiarly sophisticated breed of trout.
In 1954 he was again invited to India by Mr Nehru to inspect and report to the Government on the work of the sixteen national institutes and laboratories which had been established since his first visit. Associated with him were Professors Dupouy, S. N. Bose and D. A. Mudeliar, Shri Kaslierbhai Lalbhai, Sir Shri Ram and Sir Shanti Bhatnagar. This was a considerable task involving exhausting journeys by air, innumerable and detailed dis cussions of research programmes, laboratory organization, personnel prob lems and finance. Work began early in the morning and was often preceded by a ceremonial breakfast at which that dynamic personality, Bhatnagar, acted as host and 'catalyst'; the day was passed in inspections and personal discussions with the directors and staff of the institutes, and the evening was given up to writing reports.
Lady Egerton, who accompanied the party, was soon absorbed by the women's community and had in some respects a more strenuous time than her scientific companions. Political independence which had so stimulated the male population was not without its influence on their womenfolk. They were demanding greater freedom, higher standards of education and a larger share in the responsibility for building the new India. Lady Egerton's under standing of their aspirations, her unaffected interest in their complex prob lems and her experience of women's organizations in this country were of great value in their discussions and gatherings. The intensive work of the scientific delegates was now leavened by an impingement of social functions at which the broader aspects of Indian development and culture were freely debated before a more liberal audience. The combination of interests was most successful and might well serve as a pattern for future visits of this kind.
Having completed their labours the Egertons spent a few weeks with Sir Shanti Bhatnagar at his farm near Delhi. They were also able to re-visit Kashmir and recuperate for a while amongst its peaceful hills and lakes.
Egerton retired from his chair in 1952 but was given a private laboratory in his old department in which he continued his researches on combustion and maintained contact with his old colleagues.
The importance of his work was recognized by many awards and dis tinctions. 
Alfred Charles Glyn Egerton
55
C ombustion researches
Experiments on engine 'knock'
Egerton's interest in combustion dated from the inter-war years when endeavours to improve the performance and efficiency of the internal com bustion engine had drawn attention to the need for a better understanding of the mechanism of oxidation processes. The early theories of ignition, flame propagation and detonation based upon chemical analyses of the products of combustion and crude measurements of flame temperatures and reaction velocities, were unable to provide a satisfactory explanation of the complex happenings in engine cylinders; in particular the incidence of knock and the action of inhibitors (anti-knocks) presented many puzzling features.
It was at first assumed that knock could be identified with detonation and that the effect of anti-knocks might be to delay combustion and hence to retard the setting up of a detonation wave. At the suggestion of H. T. Tizard, Egerton set out to obtain experimental evidence in support of this view. His first approach was to measure the velocities of detonation in tubes of acetylene-and pentane-oxygen mixtures at initial pressures up to 7 atmo spheres and temperatures up to 230 °G. He found that for a given mixture r>5 Biographical Memoirs increase of pressure diminished the distance from the source of ignition at which detonation occurred up to a certain limiting pressure after which it remained unchanged; contrary to expectations the addition of typical anti knock agents such as lead tetraethyl and nickel carboxyl had no influence on the onset of detonation (A. Egerton and S. F. Gates 1927) . These observa tions led him to examine the effect of anti-knocks on the self-ignition tempera tures of petrol and pentane in air and he confirmed that, in most cases, the temperatures were significantly raised. By an ingenious experimental device he was able to show that it is the metallic part of an organo-metallic anti knock which is mainly effective, that the metal atoms should be capable of forming two oxides and that they should be in an incipient state of oxidation. With regard to the causes of knock he concluded that a chain reaction was involved in which case anti-knocks would function by breaking the chains.
It now became necessary to trace the sequence of events occurring in an actual engine cylinder during a complete working cycle. To this end he employed a Delco engine fitted with a special valve arrangement which permitted samples to be taken at pre-determined stages of the compression and expansion strokes. A knowledge of changes in composition of the samples then enabled the progress of oxidation to be followed. The analyses of the gas mixtures proved to be a matter of extreme difficulty and involved working out methods for distinguishing between, and estimating quantita tively, inorganic and organic peroxides, aldehydes and acids present in small quantities in a mixture of oxides of carbon, nitrogen and steam. The results were found to be consistent with the view that knock is due to a special type of combustion occurring in a small portion of the charge in the cylinder which has undergone pre-sensitization, with the subsequent development of a branch chain reaction; the observed changes in concentration of peroxides and aldehydes during a cycle suggested that knock is intimately connected with the presence of peroxidic substances formed in the last part of the charge to burn. Such peroxides could be formed in the primary oxidation of the hydrocarbon or from aldehydes (A. Egerton, F. LI. Smith and A. R. Ubbelohde 1935) .
Concurrently with this work he studied the slow combustion of pentane and of a range of hydrocarbons and derivatives which might be formed in the early stages of its oxidation, viz. hexane, amylene, valeraldehyde, Ao-pentane and uo-amyl alcohol. The action of lead tetraethyl as inhibitor of the oxida tion was also noted (L. M. Pidgeon and A. Egerton 1932) .
Egerton was now convinced of the important role played by peroxides in hydrocarbon combustion and thought it desirable to obtain more informa tion on their ignition characteristics and modes of decomposition. He chose as typical examples diethyl and dipropyl peroxides, and ethyl hydrogenand propyl hydrogen peroxides. The decomposition of diethyl peroxide in the temperature range 130 to 190 °C was found to be a homogeneous unimolecular reaction, becoming explosive at a critical pressure depending upon the temperature. In the slow combustion of pentane the addition of small quantities of the peroxide had the effect of almost suppressing the induction period. Dipropyl peroxide behaved in a similar manner. Ethyland propyl hydrogen peroxides, on the other hand, decomposed hetero geneously, behaviour which pointed to a connexion between these com pounds and the initiation of slow combustion (E. J. Harris and A. Egerton 1937 Egerton , 1938 .
Limits of flame propagation
The advent of the turbo-jet engine in which large quantities of fuel have to be burnt completely and rapidly in as small a space as possible, led Egerton to consider the possibility of employing promoters or inhibitors to change the limits of inflammability of the fuel.
An investigation into the propagation of flame in limit mixtures revealed that the limits are mainly governed by the temperature of the flame and not by pre-flame reactions. The temperature must be such as to provide the necessary concentration of active radicals in the boundary region to inflame the entering gases. A definite correlation was found to exist between the heat of combustion and the composition of the limit mixture. The presence of promoters in the gas ahead of the flame had little specific influence on the propagation limits (A. Egerton and J. Powling 1948) .
Elat' flames
In the theoretical treatment of heat and mass transfer processes in flames it is customary to assume the existence of a stationary plane flame front and it occurred to Egerton that if such a flame could be formed and stabilized at a suitable burner accurate measurements could be made of flame velocities in slow burning mixtures and of the composition of limit mixtures. After much trial and error a successful flat flame burner was developed and employed in the measurement of the burning velocities of methane, ethane, propane, butane, ethylene, carbon monoxide and cyanogen in the range 4 to 8 cm./s. The results gave a straight line relationship between composition and burning velocity in all cases save that of carbon monoxide which was found to be sensitive to moisture content. The mixture law was found to hold for binary mixtures, those containing carbon monoxide being again an exception.
The flat flame burner was subsequently used for measurements of the effect of pressure on flame speeds and for the study of cool flame phenomena. It has also proved of great value in examining the structure and optical properties of flames (A. Egerton, J. Powling, S. Thabet and G. Badami 1952 Badami , 1954 .
The oxidation of methane
Mention has already been made of Egerton's work on the use of liquid methane as a fuel, and this was only one instance of his interest in a gas of great potential industrial importance. When he was invited to give the Melchett Lecture for 1956 he chose for his subject 'Methane and its combustion' and gave an account of researches on its slow oxidation which had occupied him for many years. By establishing conditions which ensured reproducible results he had succeeded in proving that formaldehyde is formed from the start of the reaction, even in the so-called induction period. Similarly hydrogen peroxide was shown to be formed, though rather less rapidly in the early stages. No other intermediates such as methanol or methyl hydroperoxide were detected. The maximum rate of oxidation corresponded with a maximum in the concentration of hydrogen peroxide. This observation together with others on the effect of different surfaces in the combustion led him to conclude that when methane reacts slowly with oxygen there is a slow developing chain reaction providing radicals (CH3, OH, H O a) and the radicals are destroyed at the walls. But there is also a faster reaction in which formaldehyde is oxidized, providing H O a radicals which account for hydrogen peroxide production, and these can also account for ignition at high temperatures, just as they do in the hydrogen/oxygen reaction (A. Egerton, G. J. Minkoff and K. C. Salooja 1956).
These results and a suggestion by Mr Campbell Secord led him to con sider whether very weak mixtures such as those found in ventilating air from mines could be burnt rapidly enough at high temperatures to provide recoverable energy. Experiments showed that methane-air mixtures con taining from i to 1 per cent, of the hydrocarbon burn readily at 950 to 1000 °C, the oxidation occurring in two well-defined stages. The desirability of obtaining kinetic data relating to combustion at temperatures of the order of those found in flames became apparent and Egerton was engaged in this work at the time of his death.
Space does not permit an account being given of the many other aspects of combustion to which Egerton made contributions but these are referred to in a number of reviews on the progress of combustion science which he pub lished from time to time and which are listed in the bibliography.
(Acknowledgements are due to Mr Peter Moore for assistance in the preparation of this summary.) Egerton's time continued to be very fully occupied during his retirement with the affairs of the Salters' Institute and of the Combustion Institute, of which he was Honorary President. He was Honorary Editor of Fuel and of Combustion and flame.
In 1956 he became adviser to the Tobacco Manufacturers' Standing Committee and supervised researches on their behalf.
He had long been connected with the work of the British Council and was for eleven years Chairman of its Scientific Advisory Committee and member of its Executive Committee. In 1957 he undertook on its behalf a tour of the Middle East visiting and lecturing at Beirut, Baghdad and Teheran.
From 1954-58 he served on the Anglo-Belgian Mixed Commission set up under the terms of the Cultural Convention between Great Britain and Belgium, and in 1959 he was appointed to the corresponding Anglo-French Mixed Commission.
Egerton was now upwards of 70 years of age and although his health con tinued to be good there is no doubt but that the many tasks he undertook during his retirement imposed a strain on his physique. He seemed never theless to be untiring and to make no concessions to age; whatever the nature of his evening engagements they were invariably followed by several hours at his desk. In the intervals of work he enjoyed long and strenuous walks and, to the last, his pace over hilly country was such as to fatigue many younger men.
He usually spent several months of the year in France, a country for which he had a great affection. He had inherited from his mother a charming residence, Mas del Soleou, situated amongst the olive groves of MouansSartoux in the Alpes-Maritimes. Here he delighted to work in the garden, to make his own wine, to entertain his friends and to ramble with them over the hills; and here it was he passed his last days in surroundings he loved and in the company of one who had been his constant companion for upwards of 47 years. He died peacefully on 7 September 1959.
The records of the Royal Society contain a sermon preached 268 years ago by Burnet, Bishop of Salisbury, at the funeral of one of its most illustrious Fellows, Robert Boyle. He chose for his text Eccles. ii, 26: 'For God giveth to a man that is good in His sight, wisdom, and knowledge and joy'; he spoke with much feeling of the unselfish life and great works of his old friend and ended: 'But his peculiar and favourite study, was Chymistry, in which he engaged with none of those ravenous and ambitious Delights, that draw many unto them. His Design was only to find out Nature, to see into what Principles things might be rendered, and of what they were compounded. ' To those who knew Jack Egerton, who shared in his labours and admired his achievements no text and no words could better serve to enshrine his memory.
D. M. N e w it t
